METHODS FOR STUDYING MULTIPHASE PROCESSES
• Experiments
• Analysis (mathematical models)
• Numerical simulation (computers)
Experiments and analysis are traditional methods used for hundreds of years without the help of big computers. They are the basis of science and engineering.
We understand well the uses of traditional methods. Traditional methods are as useful today and into the future as they ever were.
Computers are always being used in new ways.
We donÕt yet understand what the future of computations may hold. The horizons are not in view; this is a good environment for visionary research.
Since DNS does not use approximations it can be the STANDARD OF EXCELLENCE for approximate methods like DNS for turbulence LNS Lagrangian numerical simulation LB Lattice Boltzmann MIXTURE THEORY in which the forces on particles are modeled rather than computed.
Approximate theories should be validated against DNS.
{

NUMERICAL PACKAGES FOR MOVING PARTICLES IN DIRECT SIMULATION
(1) Package based on moving unstructured grids is presently a monopoly; it is the only package which can move particles in a viscoelastic fluid in DNS.
(2) Package based on fixed grids in which particles are represented by a field of Lagrange multipliers λ(x,t) 
UNDERSTANDING MICROSTRUCTURE
There is a microstructure which is induced by the fluid dynamics of falling bodies and is governed by very simple principles. Long bodies are stable across the stream in Newtonian fluids, but along the stream in non-Newtonian fluids. Spherical particles form arrays across the stream in Newtonian fluids and along the stream in non-Newtonian fluids.
The Mechanisms which determine the microstructure of falling sphereical bodies are wakes and, surprisingly, the turning couples on long bodies, like cylinders or flat plates.
The pressures in a Newtonian fluid are greatest near a stagnation point on the body where the flow is slow.
There are pressure in a non-Newtonian fluid due to normal stresses, which don't exist in Newtonian fluids, and these pressures are greatest at points on the body where the flow is fast.
The flow microstructures which develop in Newtonian and nonNewtonian fluids are maximally different because the underlying pressures which act on the body are greatest at opposite places on the body.
Cylinders falling in a Newtonian fluid turn their long axis perpendicular to the fall. An airplane will stall or a sailing ship will turn its broadside across the wind if not controlled.
Cylinders falling in a Viscoelastic fluid turn their long axis parallel to the flow, the exact opposite of a Newtonian fluid. An airship in a viscoelastic fluid would not stall and it would not fly.
Spheres fluidized in glycerin draft, kiss and tumble. They tumble because kissing spheres are a long body which is unstable when its long axis is parallel to the stream.
The forces in a Newtonian fluid are dispersive; the tumbling spheres are pushed apart. 
Spheres in Newtonian Fluids
Spheres in Non-Newtonian Fluids Spherical Particles in Newtonian Fluids Form Like Birds in Flight
When 22<Re<43, the spheres do not draft, kiss and tumble. Three and four of them form a permanent nested wake structure in which each successive sphere is nested in the wake of the one before and it rotates in a shear field there. This reminds us of the formation of birds in flight.
FLUIDIZED RAFT PERPENDICULAR TO U g
A raft was constructed by gluing long cylinders. It turns broadside on and collects particles in its wake, like debris behind a truck.
